The objective of this study is to find factors of stock return by testing validity of Carhart model in Dhaka Stock Exchange (DSE) of Bangladesh. For this purpose, this study uses monthly excess return of portfolios, size, book-to-market value, market return, and price momentum data of 109 sample firms to calculate return factors such as market risk premium, size premium (SMB), value premium (HML), and momentum effect (UMD) for the sample period of 2005 to 2014. Then a total of ten portfolios, six based on size and book-to-market value and four based on size and price momentum, are constructed in this study. Excess return of each of these portfolios are calculated and regressed on the above four factors. Results of this study reveal that in DSE, market risk premium is positively and significantly related with the excess return of all portfolios; Size premium is found positively and significantly related with the return of small size portfolios; Value premium is found negatively and significantly related with the returns of all portfolios except one big portfolio (B/H); momentum effect is found positively and significantly related to the excess return of up (U), big (B), and small (S) size portfolios. It is also evident from R 2 value, F statistic, and robustness test of this study that four-factor model is valid and it can predict portfolio returns accurately when there is no abnormality such as market crash occurs in DSE.
research findings regarding factors of returns of stock are observed in the stock market of Bangladesh. As for example, the negative relationship between market return and returns of stock of Mobarek and Mollah (2005) contradicts with positive relationship of the same of Rahman, Baten, and Alam (2006) and Hasan, Alam, Amin, and Rahaman (2015) in DSE, which is one of the emerging stock markets in the world. In addition, it challenges the argument of having positive relationship between market return and returns of stock of ex-ante asset pricing models and motivates the researchers to initiate this study. Third, Hasan et al. (2015) claim that there remains no other factors to explain returns of stock in DSE after applying three-factor model of Fama and French (1996) . This claim of Hasan et al. (2015) suffers from the drawback that their study violates the condition of eligible samples for testing three-factor model of Fama and French (1996) by including bank and non-bank financial institutions into their samples. Therefore, this study sets finding factors of returns of stock by testing Carhart (1997) model in DSE as its main objective, which has been pursued through a portfolio based analysis using a data set of 109 firms for the period of 2005 to 2014.
The rest of this study thus organized as follows: section two reviews relevant literatures for this study. Section three discusses about sample firms and periods, data, and methodology. Section four reports the findings of this study and section five draws conclusion on this study.
Literature Review
Asset pricing literatures experience a long debate on factors of returns of stock. As for example, Sharpe (1964) first identifies market return as the only factor of expected return of a stock. He argues that return of an individual stock is positively and linearly related with the market return. In his model Sharpe (1964) measures magnitude of dependency of stock returns on market by the parameter beta (  ). Later the capacity of beta to explain returns of stock is questioned in the study of Novak and Petr (2011) , Mobarek and Mollah (2005) , and Chowdhury and Sharmin (2013) respectively in Swedish and Dhaka stock market. These studies reveal that beta has either little information about stock returns or it is totally unrelated to the cross section returns of stock. Therefore, it becomes interesting to find which factors explain returns of stock in emerging stock market. In addition, it has been found in US stock markets that P/E ratio (Basu, 1977) , size (Banz, 1981) , and value (Stattman, 1980; Porta, Lakonishok, Shleifer, & Vishny, 1997; and Griffin & Lemmon, 2002) individually capable to explain returns of stock. But Fama and French (1993) when consider beta, size, book-to-market value ratio, price-to-earnings ratio and leverage in a multi-factor model to explain cross-section returns of stock they find that a combination of size and book-to-market value ratio absorbs the explanatory power of the other factors. As a result, Fama and French (1996) take beta, SMB (small minus big), and HML (high minus low) into account to develop another multifactor asset pricing model named three-factor model to explain returns of stock.
In addition, Jegadeesh and Titman (1993) introduce another factor of stock returns named momentum. They suggest that buying stocks performed well in the past and selling stocks performed poor in the past will generate significant positive returns over 3 to 12 month holding period. In 1997 Carhart reexamines momentum strategy of Jegadeesh and Titman (1993) on mutual fund performance over a period of 1962-1993 and demonstrates that size and momentum strategy explain 4.6% out of 8% excess return of individual stocks. Carhart (1997) also find that short-term momentum strategy suggested by Jegadeesh and Titman (1993) is more accurate than long-term i.e. 2 to 5 years momentum strategy. Therefore, short-term momentum is also considered another factor of returns of stock in Carhart (1997) model. In a reply to Carhart (1997) , Fama and French (2012) examine momentum adjusted four-factor model in 23 developed countries dividing into four regions such as (1) North America, (2) Europe, (3) Japan, and (4) Asia Pacific over a period of 1989-2011. Their study aims at explaining mean return by using size, value and momentum strategy in developed countries and reveals that value and momentum premium is everywhere except Japan. Bretschger and Lechthaler (2012) also examine the power of four-factor model in Japanese stock market over a period of 1984-2009 and find that Carhart (1997) model performs reasonably well in explaining stock returns. Nwani (2015) also examines multifactor asset pricing model in London stock exchange over a period of 1996-2003 and find significant explanatory power of both three-and four-factor model except size effect. In addition, Artmann et al. (2012) find Carhart's four-factor model performs better than three-factor model of Fama and French (1996) in German stock exchange over a period of 1963 -2006 . In addition, Lozano (2006 in USA, Ammann and Steiner (2008) in Switzerland, Tjandrasa (2015) in Indonesia, Czapkiewicz and Wójtowicz (2014) in Poland find four-factor model as robust. Lozano (2006) find that pricing errors are jointly significant in three-factor model but not in four-factor model. So, it is evident from the discussion above that four-factor model is superior to three-factor model to explain of returns of stock.
In DSE, an emerging stock market, research findings on explanatory power of factors of stock returns are found mixed in nature. As for example, Mobarek and Mollah (2005) , Chowdhury and Sharmin (2013) find negative ijef.ccsenet.org International Journal of Economics and Finance Vol. 11, No. 6; 2019 relationship between stock returns and market beta. Regarding other factors of stock returns, Mobarek and Mollah (2005) find that size, B/M ratio, volume, earnings yield, and cash flow yield have significant influence on stock returns in DSE, which contradict with the findings of Chowdhury and Sharmin (2013) . Because Chowdhury and Sharmin (2013) find that size, dividend yield, P/E ratio, and liquidity have no ability to explain the cross-section returns of stock. On the contrary, Rahman et al. (2006) and Hasan et al. (2015) find stock returns are positively and linearly related with market return. Both of these studies signify explanatory power of common risk factors such as size and B/M ratio in the cross-section returns of stock. But momentum still remains unexamined factor of returns of stock in DSE. Therefore, this study aims at testing the validity of Carhart (1997) model in DSE.
Methodology

Sample and Data
This study uses monthly stock price data of all listed firms of DSE for the period of January 2005 to December 2014. There are 333 firms listed in DSE during this sample period. From these listed firms this study selects samples following three criteria. First, firms listed before 1 January, 2005 are considered in this study for making it sure that at least 60 months return data will have to estimate beta, to have a unified sample period for all stocks, and to have a sufficient number of stocks to form well diversified portfolios. Second, this study excludes some inactive stocks based on their trading activity (suspension of trade for a longer period) and availability of data. Thirdly, bank and non-bank financial institutions are excluded from the sample of this study because their asset-liability structure with high financial leverage hinders the comparability of book-to-market ratio with other non-financial institutions (Fama & French, 1996) . Finally, it is found that 109 firms satisfy these three criteria; and these firms are considered as sample firms for this study. In addition, this study considers 91-day Treasury bill rate (converted into monthly rate) as a proxy of risk-free rate because the government of Bangladesh has suspended the auction of 28-day Treasury bill in 2008-2009. Data of monthly stock price, book value per share, and number of share outstanding used in this are collected from DSE. For market return data this study collects DSE general (DGEN) and DSEX index from DSE. In 2013, DGEN index is being declared obsolete and DSEX index has been introduced. For avoiding complexities, this study uses average of DGEN and DSEX for computing market return of the year 2013.
Construction of Portfolios
Following the method of Fama and French (1992 , 1996 and Carhart (1997) , all sample stocks are sorted in an ascending order based on their market capitalization at the end of each year. Then percentile is used to divide stocks into small(S) and big (B) portfolios. Small portfolio consists of stocks of lower 50 th percentile and big (B) portfolio consists of stocks of upper 50 th percentile.Again, all selected sample stocks are independently sorted based on their book-to-market equity. The sorted samples are divided into three portfolios such as high (H), medium (M), and low (L) using percentiles. As for example, high (H) portfolio includes top 30 percent firms, medium (M) portfolio includes middle 40 percent firms, and low (L) portfolio includes lower 30 percent firms. Then six portfolios such as small-high (S/H), small-medium (S/M), small-low (S/L); big-high (B/H), big-medium (B/M), and big-low (B/L) are formed by the intersection of size and book-to-market value. Now, size premium (SMB) is calculated in equation (1) below by taking difference between mean monthly return of three small and big portfolios. It needs to be mentioned that equal weights are given to each small and big portfolios of equation (1) while averaging monthly return of small and big portfolios. Therefore,
In order to calculate value premium, four portfolios such small-high (S/H), big-high (B/H); small-low (S/L big-low (B/L) from above are considered and used in equation (2) below.
   
(2)
For calculating the momentum factor, all samples are independently sorted based on their prior one year performance. This study doesn't consider any lag for calculating the yearly return. All sample firms are then grouped into three groups using percentile such as up(U) portfolio includes 30 percent of higher returns, neutral(N) portfolio includes middle 40 percent and down(D) portfolio includes 30 percent of lower returns. This study uses two extreme portfolios such as up(U) and down(D). Then intersecting with the size groups again there would be four portfolios such as small-up (S/U), small-down (S/D), big-up (B/U), and big-down (B/D) based on size and momentum. Next, momentum effect (i.e. UMD) in equation (3) is calculated by taking difference between the equally weighted mean monthly return of up and down portfolios. Therefore,
All portfolios are then reshuffled at the end of each year over the sample period.
Model
This study employs four-factor model of Carhart (1997) and estimates coefficients of this model by running 120 regressions with the monthly excess return of each portfolio and the monthly return of explanatory factors computed at the beginning of the corresponding month. This study uses t-statistics and p-value to assess the significance of the estimated coefficients and employ F-test to find the overall significance of the model.This study calculates month end returns using the formula in equation (4) 
Where , is the month end return of stock i at month t , ln represents the natural log, , is the month end price of stock i at month t and , −1 is the month end price of stock i at prior to month t .To isolate the factor premium over the monthly excess return of the portfolios this study applies the four factor model of Carhart. This model includes four explanatory factors to explain the monthly excess return of portfolios. The first factor is basic CAPM factor named market risk premium which is the difference between the return of aggregate market index and risk free rate of return. The second factor is size premium (SMB, small minus big) which is based on the market capitalization. The third factor is value premium (HML, high minus low) which is based on the book-to-market equity. The final one is called momentum premium (UMD, up minus down) which is based on the return of prior on year. Including these factors the model stands as:
Where , is the return on equal weighted portfolio p at the month of t , , is the risk-free rate of return at month t , , is the responsiveness or coefficient of market premium for portfolio p at the month t , ( , − , ) is the market risk premium; here , is the market return for the month t calculated by
is the coefficient of SMB (Small Minus Big) for the portfolio p at the month t . SMB is the factor premium for size effect.
, ℎ is the coefficient of HML(High Minus Low) for the portfolio p at the month t , HML is the factor premium for value effect, , is the coefficient of UMD (Up Minus Down) for the portfolio p at the month t and UMD is the factor premium for momentum effect. In order to test the above equation (5), it has been altered as follows.
Where , − , is the monthly excess return of portfolio p at month t , and , is the estimated intercept of portfolio p at month t . According to Fama and French (1996) the estimated intercept in regression equation will be closer to zero and , is the standard error for the portfolio p at the month t . Finally, this studyestimates expected return of each of the ten portfolios of sub-section 3.2 of this study for each sample year by applying the four-factor model in equation (6); and calculates annual expected return for each sample year by taking average of expected returns of these ten portfolios for that particular year. Similarly, annual actual return of each of the ten portfolios of sub-section 3.2 for each sample year is also calculated. Then, differences between annual expected and actual return are calculated for each sample year and tested if these differences are statistically significant. Finding insignificant differences between these two returns is considered as an evidence of robustness of the regression parameters of this study. Table 1 represents summary statistics of mean monthly returns of six portfolios based on size and book-to-market and among these portfolios of Table 1 , S/H (small in size and high in book-to-market ratio) produces the highest excess return of 0.65% per month where as the B/L (big in size and low in book-to-market ratio) produces the lowest excess return of -1.67% per month, indicate the presence of size (SMB, small minus big) and value premium (HML, high minus low) in DSE. In addition, Table 1 reveals strong size effect for small portfolios i.e. small firms outperform big firms in terms of mean monthly returns in DSE. Size effect in Table 1 produces higher return such as [-0.2316-(-1.6732)] 1.44% per month in case of low portfolio in DSE. Table 1 also reveals that value premium in case of small portfolios is [0.6453-(-0.2316)] 0.88% per month while the same for big portfolios is [0.3546-(-1.6732)] 2.03% per month in DSE. This finding rejects the same of Fama and French (1993) that value premium is high in case of small portfolios. Therefore, emerging market like DSE value premium exits with big portfolio, which is opposite to case of developed countries. Table 3 represents summary statistics of mean monthly return of explanatory variables i.e. , − , SMB, HML, and UMD. Among these variables HML produces highest positive return (1.4523), which is a strong evidence of value effect in DSE. Table 3 shows that return from size (SMB) and market premium are 0.92% and 0.53%, respectively. In addition, a mean negative return of -0.11% from momentum factor is found in Table 3 . Table 4 represents the correlation matrix of explanatory variables. In Table 4 , correlation coefficients between , and − ; and SMB, and HML and UMD are found significantly negative at 1% level of significance. In addition, correlation coefficients between − and SMB; and − and UMD are found negatively significant at 5% level of significance. On the other hand, the correlation between and UMD is found negatively significant at 10% level of significance. However, small correlation among factors ensures that there is no outlier and autocorrelation problem in the data set used in this study. 
Results
Descriptive Statistics
Regression Results for Size and Book-to-Market Portfolios
Regression coefficients of each of the six portfolios of sub-section 3.2 are estimated by the equation (6) of sub-section 3.3 and presented in Table 5 . Results inTable 5 show that there exist significant (at 1% level of significance) and positive linear relation between mean monthly excess return and market risk premium in DSE for all portfolios of sub-section 3.2. That means, market beta has significant impact on excess return of portfolios in DSE. Thus, this finding rejects the evidence of no positive relationship between market risk premium and stock return of Mobarek and Mollah (2005) and Chowdhury and Sharmin (2013) . Since this study finds a strong positive relationship between market ijef.ccsenet.org
International Journal of Economics and Finance Vol. 11, No. 6; 2019 risk premium and excess return with lower standard error for all six portfolios in Table 5 , it also rejects the flat relationship between market risk premium and stock return of Fama and French (1992) in DSE. Table 5 also reveals that size premium is statistically significant for all six portfolios of sub-section 3.2. Of which small size portfolios (i.e. S/H, S/M, and S/L) are found significant at1% level of significance, and big size portfolios (B/H, B/M, and B/L) are found significant at 5% level of significance in DSE. In addition, Table 5 reports that coefficients of size premium for small size portfolios are found larger than the same of big size portfolios in DSE. This implies that size premium (i.e. SMB) has greater impact in the excess return of small size portfolios in DSE. Regarding value premium, Table 5 finds that it is significantly and negatively related with the excess returns of all portfolios except the portfolio B/H. In addition, value premium are found significant at 1% level of significance for portfolio B/L, S/M, and S/L; and the same for portfolio B/M is found significant at 5% level of significance in Table 5 . Interestingly value premium for all low portfolios are found statistically significant in Table 5 . The momentum factor (UMD) of Table 5 is found positively and significantly related with the excess returns of all portfolios except the portfolio S/L at 1% level of significance. On the other hand, portfolio S/L is found significant at 5% level of significance. This implies strong presence of momentum effect in DSE, at least for the sample period of this study. The goodness of fit of the model is highly acceptable considering the magnitude of F-statistic. For all six portfolios, F-statistics is found significant at 1% level of significance, which implies that four-factor asset pricing model is valid in an emerging stock market like DSE. The R2 value is also satisfactory in case of all portfolios except portfolio B/H. On an average, more than 60% return variation is explained by the four-factors of equation (6) section 3. Table 6 represents the regression results of four portfolios of sub-section 3.2. Table 6 reveals that market beta is significant for all portfolios such as big-up (B/U), big-down (B/D), small-up (S/U), and small-down (S/D) at 1% level of significance. Source: Authors. Asterisks *, **, *** represent level of significance at 1%, 5%, 10%, respectively.
Regression Results for Size and Momentum Portfolios
Such finding implies that positive risk-return relationship exists in DSE. Table 6 also reports that size premium (SMB) is found significant for all small size portfolios such as small-up (S/U) and small-down (S/D) at 1% level of significance, whereas big-up (B/U) and big-down (B/D) portfolios are found significant at 5% level of significance in DSE. In addition, coefficients of size premium (SMB) with small portfolios are found higher than the same of big portfolios in DSE. On the other hand, value premium (HML) is found significantly and negatively related with the excess return of all portfolios in Table 6 at 1% level of significance. In addition, momentum factor in Table 6 is found statistically significant for all up portfolios at 1% level of significance. It is also observed that estimated coefficients are found positive and larger for the all up portfolios in Table 6 . Interestingly momentum factor fails to explain the return of down portfolios in DSE. There may be a factor like return reversal of Rosenberg et al. (1985) for the down portfolios. However, R 2 value in Table 6 declares that four-factor model of equation (6) fitted nicely with the data set used in this study. This value is found reasonably high for up portfolios (near about 77% on average) and low for down portfolios (near about 55% on average). Finally, F-statistic in Table 6 is found significant at 1% level of significance. Therefore, it could be claimed that four-factor CAPM is valid in DSE.
Robustness of Regression Results
This section considers within sample prediction accuracy of parameters estimated for all portfolios in Table 5 and Table 6 in order to check robustness of the regression results. For this purpose, firstly expected return for each of the ten portfolios in Table 7 is calculated by the four-factor model in equation (6) for each year of the sample period. As for example, expected return of portfolio B/H is calculated by the four-factor model in equation (6) for the year 2005 to 2014. Same procedure is applied to other portfolios in Table 7 . Secondly, annual expected return for each sample year is calculated by taking average of expected return of all portfolios of that particular year. That is, average expected return for 2005 is calculated with the expected return of ten portfolios in 2005. This procedure is repeated for other sample years in Table 7 . Table 8 . Average actual return of the portfolios over the sample period Thirdly, annual actual return for each sample year is calculated by taking average of actual returns of each of the ten portfolios in Table 8 of that particular year. Fourthly, differences between average expected and actual return of each sample year are calculated in Table 9 and tests if these differences are statistically significant. The p-value in Table 9 evident that differences between average yearly expected and actual return for six sample years such as 2005, 2006, 2007, 2012, and 2014 are found insignificant; whereas the same for 2008, 2009, 2010, and 2011 are found significant at 1% level of significance and for year 2013 at 5% level of significance. The possible reason of such findings might be the stock market crash in DSE during that sample years. Therefore, it is evident that statistically accurate prediction of actual returns could be possible by four-factor CAPM in DSE. This is also evident in Figure 1 of this study. In Figure 1 , the solid line represents average yearly actual return of portfolios of Table 9 and dotted line represents average yearly expected return of the same over the sample years. It is evident from Figure 1 that both solid and dotted lines moves following almost same shape and some segments of the both match exactly with each other. But the dotted line maintains a distance from the solid one in 2008 to 2010. During that time period a crash has occurred in DSE. Which means that four-factor model in equation (6) of this study could predict actual returns accurately in normal time period in DSE. Therefore, it can be said that estimated parameters of four-factor model of equation (6) 
Conclusion
The main objective of this study is to find factors of stock returns by Carhart model in Dhaka Stock Exchange of Bangladesh. This objective has been pursued by testing significant relationship between excess return of ten portfolios constructed from 109 out of 333 stocks listed with DSE for a sample period of 2005-2014 and return factors such as market risk premium, size, book-to-market ratio, and momentum. Sample stocks include non-financial and actively traded local and foreign companies in DSE. Multiple regression technique is applied to test if there is any significant relationship between excess return and its factors in DSE. This study empirically finds the presence of size and value effect, having a policy implication for stock investors that small firms outperform big firms in terms of mean monthly returns in DSE. Regarding value premium in DSE, it is found that value premium is high with big portfolios and reject the finding of Fama and French (1993) that higher value premium exists with small portfolios in the stock market of developed countries. Therefore, this finding might be considered as one of the exceptional features of DSE; and value investors in this market may be benefited from investing on big size portfolios. Momentum factor produces positive return for small portfolios, while it produces negative return for big portfolios in DSE. Therefore, it is evident that small portfolios dominate over big portfolios in DSE in terms of size and momentum effects. Regression results of both types of portfolios, size and book-to-market and size and momentum, of this study find that market risk premium is a significant factor of stock returns in DSE, and has positive relationship with portfolio returns. Therefore, stocks with high beta will produce higher return than that of with low beta in DSE. This finding supports the classical relationship between risk and return in DSE. Therefore, it rejects the findings of no or negative relationship between beta and stock returns of earlier studies that have been conducted on DSE. Size premium as another return factor is found significant in this study. It is interesting that coefficients of size premium for small size portfolios are found larger than the same of big size portfolios in DSE, and implies that size premium of small capitalized firms outperform big capitalized firms in DSE.The value premium, on the other hand, is found negatively related with Vol. 11, No. 6; 2019 the returns of all portfolios except one in DSE; and violates the theoretical argument of positive relationship between value premium and stock returns of four-factor asset pricing model. Therefore, it might be considered as another distinct feature of four-factor model in emerging stock market like DSE. However, for size and book-to-market portfolios this negativity decreases from low to high portfolios and implies that firms with high book-to-market value produce higher return than firms with low book-to-market value in DSE. Alternatively, the small size and high value portfolios produce higher return in DSE. In addition, momentum factor in DSE is found positively and significantly related with the returns of small size and all up portfolios constructed based on size and book-to-market and size and momentum, respectively. For both the cases of size and book-to-market and size and momentum portfolios the four-factors of this study explain, on an average, more than 60% return variations. It is also evident in this study that four-factor model can predict portfolio returns accurately when there is no abnormality such as market crash occurs. Finally, F-test and R 2 value reveal that four-factor model nicely fitted with the data set used in this study. In a nutshell, four-factor asset pricing model can be applied to explain return variations; calculate expected return of portfolios and the price as well in emerging stock market in general and DSE in particular. However, this study suffers from some drawbacks such as small sample period and absence of out of sample return predictions for robustness test. Future researches could be initiated to investigate why the alpha value of equation (6) is not zero as it is supposed to be and what might be the reasons of negative momentum return in DSE with big portfolios etc.
